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ABSTRACT 

Topics dealiirg. with biology teaching arc presented in 
this quarterly review. Major entries include contributed articles on 
t'Take-Home Laboratory Activities: One Answer to the Tiae and Space 
Problea," '^Application of a Cooperative University/Middle School . ^ 
"Model to Enhance Biology Education Accountability," and "A Report on 
Conputers in Biological Teaching." Also itt this issue are reports on 
the Aierican Institute of Biological Sciences (AIBS) pre^-suBier 
schopl courses and an audiotutotial biology ppogwn. '^(CP) , 
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Take-Home Laboratory Activities: 
One Answer to the Time and Space 

Problem 



Ann Marie Norberg and Ruth Von Blum 



O 
O 



Introduction ^ 

Biology laboratories are usually conducted in campus facilities 
during specified hours. Financial, logistical, and instructional 
problems' brin^to question the efficacy of offering under- 
^aduate biology laboratories completely in this traditional 
"manner. We would like to present an option, the take-home 
laboratory. Using self-instructional materials and simple, inex- 
pensive equipment, students can work on the take-home 
laboratory at times and in places they choose. Tlie take^home 
activity can substitute completely for work normally^lone in 
fho laboratory, or it can be designed to better prepare the 
students to approach activities which they must do in the 
laboratory. Both procedures result in a more efficient use'of 
laboratory space and teaching .assistants, in addition to 
offering laboratory experiences wliich are more effective. 



Ann Mario Norbcrg and Ruth Von Blum arc in the Lawrence Hall of 
Sjclcncc. University of California. Berkeley. California 94720 



Problems Affecting tlie Biology Laboratory 

There is general interest in improving tlie laboratory activities, 
but we are faced with several problems. First, increasing costs 
and decreasing resources have resulted in less money for 
purchase of capital or expendable equipment and for hiring 
qualified teaching* assistants (Glenny 1973). Swellhig enroll- 
ments in undergraduate biology courses compound tliis 
problem. 

Second, these expanding enrollments magnify logisilCal diffi- 
culties. The limited time that teaching assistants can offer 
students and the amount of laboratory sp;iice available on 
campus , restrict the quality and efficiency of the laboratory 
experience. Complications occur when ^n attempt is made to ' 
provide supplies and equipment to large numbers of students. 
Offering students tlie oppor^nity to undertake individual 
investigation amplifies these logistical difficulties. 
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fsf crucial problem is Instructional. Many 
have never asked themselves Jiow the 
laboratory can be instrumental in reaching course objectives. It 



Tlie third and 
faculty memberi 
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b not surprising, Ihen. that the laboratory usually doea not 
justify tho expenne in time and effort required to maintain it. 
The laboratory portion of the beginning biology course should" 
be specifically designed fof makmg observations, learning new 
techniques, and initiating individual investigation. These activi* 
tics arc fundamental to learning biology and may be ap- 
proached only in the laboratory portion of the course. 

Take-Home Laboratories 

7nm combination of financial, logistical, and instructional 
<£r problems makes it difficult to offer a worthwhile laboratory 
component. We have been testing a model for Jaboratory 
instruction involving separation of the observational, training, 
and investigative functions of the laboratory, approaching each 
with appropriate self-mstructional materials (Von Blum 1973). 
We have adopted this model in segments of the large. (600 
students per quarter) introductory biology course for majors 
(Biology I) at the University of Cahfornia, Berkeley. We have 
tried to (a) define the objectives of each 'activity in 
operational terms, (b) present materials in a self-taught, 
self-paced manner, (c) vary the laboratory activities so that 
fewer students work on the same activity simultaneously, thus 
' necessitating fewer pieces of equipment, and (d) transfer a 
portion of time the studcrnt normally spends in the laboratory 
to the field (Carter et al. 1974) and to the home. These 
take-home laboratories provide an opportunity for large 
numbers of students to participate actively in laborartory 
activities even when laboratory facihties and teaching staff are 
Umited. 
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Take-home rpaterials can achieve several laboratory objectives. 
When observations do not require the use of the microscope or 
other m^}0|[ equipment, a student may take a kit (consisting of 
simple, inexpensive equipment and/or organisms) hom*o to 
work with at his/her own pace. Vi^rittcn programmed instruc- , 
tion (tutorials) carljguide the student through such observa- ' 
tions. Thus a portion of the observational activities normally 
done in the laboratory can be done at home. This io only 
possible because the tutorial is used as a substitute for the 
teaching assistant in guiding student work. Many investigative 
activities usually performed in the laboratory may also be 
partially or completely carried out at home, with students * 
returning to the laboratory only to make observations or 
collect data requiring the use of special equipment. 

Some of the initial stages of training in the use of equipment 
or in techniques can alsp bo done at home. In addition, 
students can be provided with theoretical background informa- * 
tion to facihtate work which must be carried out in the 
laboratory. These are tasks wh^ch are normally performed with 
the help of a laboratory manual or text. Written programmed 
instruction, however, can perform these functions more 
effectively. ^ 

Tliere are many advantages to these welUstructured, take-home 
laboratories. Students can work at their own pace. If branch- 
ing programs are employed, students may work at their own 
level, a rare circumstance in most tightly run laboratories. The 
use of progrargmed instruction can help inliure that students 
achieve a level of competenjsy before they work in the campus 
laboratory. Experiments • that require careful and frequent 
observations can^ be carried on at home (e.g., Drosophila 
genetics crosses) since students may attend to them each day. 
Because each student is spending briXy a portion of time 
working in the formal laboratory setting, larger numbers of 
students can wofk effectively m^hmited laboratory space. 

Take-home' laboratories which are complete by themi^elves 
may be coordinated with activities vvliich must be carried out 
in the laboratory. For example, in the unit *The Seed The 
Origin of the Sporophyte," students make observations at 
home of angiosperm seeds with the help of a programmed 
guidJr^^his take-home laboratory can be used alone, or it may 
be coupt%iwith in-laboratory observations of primary and 
secondary gn|^wth in plants, involving the use of the compound 
microscope to observe both prepared slides and fresh hand 
sections. 



Summary of Take-Home Laboratory Activities 

cFoll/bwing is a summary of!)the tjik,e-home laboratory activities 
developed and tested at Berkeley. In another paper (in 
preparation) we shall d(||cribe field trips and other outdoor 
investigations that involve large nuipbers of students (e.g., all 
6Q0 students in Biology 1) in ^projects outside the biology 
laboratory. 

GROUP A: Complete laboratory activities done at home. 

1. The Seed - The Origin of the Sporophyte: The student 
takes home soaked seeds (pea, com, and bean) and observes 
their characteristics with the aid ^a programmed tutorial. 
This is followed by guide^ observations in the laboratory on 
primary and secondary lo^wth in plants (Von Blum 1973). 
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2 Control of Plant Development We supply ^the students 
with cceds (e c . corn, bean, radifih, normal and dwarf peas), 
Gtyrofoam clips for pots, and vgrmicuhte or sand. The^students 
Ccrminalc the ?*eeds at home ami observe the develo'pmental 
morphology of flowering plants I'hey design experiments 
which analyze the control of plant arowth w^h al|,the 
inceffuity of the kitchen biologist, or exam pip, IK^ may use 
plant hormones (eg.. au;{in, kinetin, gibHercUrtU available 
from the biology storeroom or various light conditions (e.g., 
dark vs light, varying length of liglit and dark periods, or 
different wavelengths of hght using colored filters) ^ 

3 Photosynthesis in tlodea. Factors Influencing Oxyijen 
Evolution Students take home from the biology laboratory a 
sphg of iilodea (ah aquatic plant), a large test tube, a container 
of 0 5 1 NaH(.'03 solution, and squares of colored cellophant*. 
I'hey provide from their own supplies a b()wl of approximately 
500 ml. as a water bath, and a lamp with a 60-watt bulb. They 
determine the effect of light intensity, color of light, tempera- 
ture, and concentration of carbon dio>6de on the rate of 
photosynthesis as evidenced by evolution of large oxygen 
bubbles from.sprigs of t lodea 



CROUP B Take-home tutorJa?»s providing background to 
in-laboratory activities. 

4, Introducticm to Drosophila At home, the student works 
through a tutorial on Drosophila (fruit fly), its life cycle, 
identification (sex and mutant characteristics), handling, and 
how genetic crosses are made This is supplemented in the 
laboratory with actual handling and identification of flies 
using a few audiotutonal stations. Students observe the various 
stages in the life cycle at home^ and they carry their vials of 
flies back into the laboratory to make fly counts and crosses. 

5. The C'oevolution of Plants ifnd Pollen Vectors; This tutorial 
describes the basic structural features of flowers and the 
mofphology of the vectors which pollinate them, culminating 
in a discussKm of coevolution The student takes home a killed 
bee and a flower to make observations in preparation for a 
tape-guided field trip (Carter et al 1^74) 

' / 

d. Diffusion. Osmosis, and Biological Membranes Cell Perme- 
abiUty ; At home the students list" a tutorial to review the 
fundamental principles of diffusion, osmosis, osmolarity, and 
tonicity in preparation for an in-laboratory observation/experi- 
mentation exercise that uses hemolysis to explore the proper- 
ties of membranes. ^ 

7. Working with F.nzymes: Students use a programmed 
tutorial to learn the general properties and specific kinetics of 
enzymes This is in preparation for a laboratory involving the 
design of experiments demonstrating the dynamics of sahvafy 
amylase (see acknowledgments) 

GR<iUP 




C: Take-home tutorials providing background to 



ent. 



8 and 9. Spectrophotometer and the Hand Spectroscope: 
Separate tutorials explain the theory and operation of the 
spectrophotometer and the hand spectroscope, preparing the 
student to^e them in several laboratory exercises. 



10. The Compound Microscope: The stmlents construct, with 
the help of a programmed tutorial, a compound microscope at 
home with two small plastic lenses, and make observations to 
visualize the optics and theory of the compound microscope. 
In the laboratory, the students use another tutoriqfl to learn 
the operation of the compound microscope, and they make 
comparisons between the home microsope and the laboratory 
microscope. 

11 The Hemocytometer (Counting Chamber): Belore work- 
ing in the laboratory, the students study an illustrated tutorial 
describing the hemocytometer to familiarize themselves with 
the dimensions of the grid, the cover slip, and the best 
technique for filling the counting chamber. The students then 
use the counting chamber in the laboratory to estimate the 
relative numbers/ml and sizes of microorganisms, etc., in water 
samples, such as in micjosuccession flasks. , 



Evaluation of the Take-Home Laboratories 

In course evaluations. Biology 1 students previously expressed 
quite negative attitudes toward the traditional laboratories. 
Many student^ considered their laboratory experiences dull, 
tedious, apd a waste of time. Since our gradual introduction of 
self-paced^ laboratories, executed at home and in the labora- 
tory with the guidance of written tutorials, the students' 
attitudes toward the laboratory have become ^quite positive. 
Tliis has * produced a quiet revolution. Now many of the 
Biology I laboratories have take-home components, some of 
which are individual investij^ations,, 

Over the past three years we have evaluated and revised our 
take-home laboVatories, As part of our formative evaluation we 
selected several sample sections (24 students) to get detailed 
comments about their responses to the materials. Table I 

TABLE 1 

Students' Attitude Toward Some Specific 
Take-Home Laboratory Activities 

Percent Students Responding -with a^OflRttNpf A or B 
(on a Scale of A to/F) 

Cell 

J, Drosophila Permeability . The Seed 

(N^7.1) (N-17) (N=^22) 



Doing the laboratory 
activity at home 


51% 


W% 


489f 


Overall evaluaticfn of 
tutorial 


%2% 




71% ^ 


llffectiveness of take- 
home material com- 
pared to presentation • 
by teaching assistant 
and/or laboratory 
manual 


51% 


8 ST. 


1\% 


HelpfulTiess in supply- 
ing background infor- 
mation 


f 1\% 




* 
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^Complete laboratory experience in itself. 



(iiimoianzcrj thca* 'jtudcntr/ attitudcjj toward several of these 
take-home cxcrcif,e'i and the time '^pent working at home. Thirj 
uimmary ifi mainly from the evaluation'^ o! the fall Quarter 
1973 and Winter Quarter 1974 ' . , 

Additional attitude evaluation?] Irom the entire clasa reveal 
that th^'itudentb in [>»neral do like to do laboratory activities 
at home. We abo have fjtrong evidence that the 'itudentu like 
and feel tlwt tyhey benefit from the profyammed mstruction 
a%»d in thV^ujnit'i ( lable 11). 

V TABLE II 

, Student Attitude Toward Take-Home Activttie<^ 
And Programmed In^itruction 



OPINION OI IHl lAKI 'HOMI I XI lU ISf S 





f-all '72 


fall -7^ 


Sprmp '7.A 


o 


(N SOH) 


(N^.VV>) 


(N-2U)) 


(f*)od ( intereHtUH'J 








Ambivalent (OK ) 


26'; . 


21'^; 


14':; 


Disliked 


1 W'\ 


27^? 




Rl XV l lON TO PR()(;RAMMM) INSTRUCTION 
(BOTH IN LABORATORY AND AI HOMI ) 






fall '7.^ 


Sprmc '7.^ 


VVinter '74 




(N=^32K) 


(N^27S) 


(N--?29) 


Tike (helpful) 




74'7 




Ambivalent (OK) 








Dt.like (not helpful) 


9^ 


10'; 


1 m 



In their evaluations of the take-home laboratories, 5Uudentfj 
expre^i^ied the following general points Coincidentally, these 
reactions summari/e many advantages of programmed 
injitrucfton 

• l^h()rat(>ne<i were organized, clear, and concise Lectures 
and textbook were better understood after doing^tutorials 

• Students could work at own speed and at own convenierjce, 

• They received individual help** and attention. 

• Students could get information before laboratory to allow 
basis for questions 

• Questions in tutorials forced rpader to examine topics 
rather th^an pas^^ively skimming them /- 

Along with this attitudinal data, we have some evidence that 
students were able to reach the cognitive <>t>jectives specified 
for each unit. For example. Table 111 shows the increase in 
understanding of optics demonstrated by students who went 
through the at-home unit on the microscope. vScveral of these 
students commented that they understood optics much better 
after working through the take-home tutorial than they did 
from their physics courser 

The length of time students spent on a take-home laboratory 
depended greatly upon the nature of the exercise, each 
student's background, and the pace^at which they worked. For 
example, with the written programmed introduction to the 
spectrophotometer* the students spent between 15 and 60, 
minutes and averaged 30 minutes at home. In a seVftContained 



TABLE III ' 

Optica and Mierof:eope Theory 
Mean Pre/Poottcst Scores 



Fall 1972 



Wmter J974 



Prtlest X 1 


Post test X2 


IX1-X2I 


(N^292) 


(N^40.1)' 




.S9'/T 


H4'7 


25% 


(N^42) 


(N^73) 




677;. 


85';? 
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ol/servational laboratory such as **The Seed The Origin of the 
Sporophyte," students averaged two hours at home. Since the 
work is self-paced, some students may spend 15 minutes on - 
the shorter exercises, while an occasional student'may spend as 
long as eigJit hours on the longer laboratories. 

Summary 

The take-home laboratory presents an alterr^ative to traditional 
biology in-laboratory activities. It can stand alone as a 
complete laboratory, or can be an important preparation for 
la-laboratory activities. 

In our evaluations at the University of California, Berkeley, we 
found that Biology I students liked working at their own pace 
and making observations at home with the take-home labora- 
tories They preferred the concise presentation of information 
and the well-stated question-and-answer format to the more 
traditional laboratory manual or to a teaching assistant's 
presentation. Pre/ post tef)t?i demonstrated that they achieved 
the instructional objectives specified in the take-home 
tutorials. 

Ihese take-home laboratories were developed through a grant 
from the National Science Foundation for use on any campus. 
Other biology courses can use our approach to ti^ke-home 
laboratories and/or our materials. We have trial units available 
now which include the exercises plus Evaluative materials. 
Interested faculty should contact the authors 
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Announcement 



Undergraduate Student Paper Contest 



We are pleased to announce the continuance of the 
Undercraduate Student Re^:earch Paper ('ontest as an 
important part of the AIBS ^*Jtudent program ListeU 
below are the guidehne'> for riUbmi^^iU>n of papers. 

1) The contefit i5i open to any undergraduate bi^ogy 
(Student who is an mdividual member of AlBlv 

2) The paper may be on any biological re^iearch topic 
utilizing fityie and format of pre^ientation appropriate 
for reporting scientific rcsearcli. 

3) Papers must be submitted on or before 1 5 March 
l^Hf), and notification of awards will be made no 
later than 1 May 1976. 

t 

4) The winner will receive an all expense paid tnp to 
present the research paper at the Annual AIBS 
Meeting to be held at Tulane University, New 
Orleans. LA in late May 1976. Awards will also be 
ma^e to the second, third and fourth place runners- 
up 

5) A panel of professional biologists will be appointed to 
judge the papers received. 

Manuscripts are to be submitted to the AIBS Education 
Department. Attention Undergraduate Student Re- 
search Paper Contest, 



App^dtion of a Cooperative 
University/Middle School Model to 
Enhance Biology Education AccountabUity 

J . T. ZIgler, J . R. Hendrix, and T. R. Mortens 



"What io accountability? Operationally defined, accountability 
io the reporting of achievement againGt promised accomplish- 
ment" (Roush et al. 1971). The firot step in the method most 
commonly uj:ed to aocec3 accountability io the eatabliohmcnt of 
Coalo and performance objcctivoo deoigncd t<) fulfill theco 
CoalD. The cecond step io charactcriotically the measurement of 
^ the overt behavior implied in the objectiveo. To aascso Gtudent 
achievement relative to promised accomplishmeni, pre- and 
poQttestD are aclmlniotercd, 

Increasincly, th^j general public io dcmandinc a full juotifica- 
tion of educational policy decioiono and program operationo 
Tlic often dioagrecable but legitimate demando of the various 
pubhco cerved by the profeoaion require .educatoro to adtfreoo 
them&elveo to the problem of accountability for their ^deci- 
oiono. Confusion about tha goalo and objectiveo of contempo- 
rary education and disillusionment with the quality of the 
preparatioiTof otudcnto are illustrated by the number of school 
bond iGOueo and levies thi6 have failed in recent years, the 
rising discontent of teachers, the dejected attitude of many 
students, and the' inflationary cost of education relative to 
^ static or even declining revenue sources. These events demon- 
strate a need for educational institutions to be accountable as 
are other social institutions (Roush et al. 1971). 

The purp()^:es of act;ountability are numeroufi and encompass 
til© entire educational establishment. Schools must try to meet 
fthe goals that they have established. Teachers must attempt to 
/demonstrate measurable evidence of student learning, by doing 
y so the teachers will be accountable to students, parents, and 
school authorities. F-urthermore, educational accountability 
allows for the establishment of valid cost-benefit standards in 
the allocation of funds (Ornstein 1973). 



Historical Background 

The earliest m(wenicnts toward a program for educational* 
accountability were made by the federal government when 
considering funding and granting of program^ monies. The 
Hlementary and Secondary Education Act of 1965 estabhshed 
.guidelines for evaluation of "programs in order to monitor thef 
use of approximately five billion dollars per year provided by 
the Act. In 1967 the U.S. Office of Fducation began requiring 
cost effectiveness program audits for bilingual and dropout 
prevention programs (NovQHis and Lewis, 1974). As a result, a 
framework for iheasuring educational accountability emerged, 
and currently pressure from the various pubhcs is demanding 
incorporation into classroom activities of methods designed to 
enhance educational accountability. 



J T. Zigler is a middle ^.chool <;cience teacher in the Hpp City. Ohio 
public schools. J. R. Hendrix and T. R. Mortens arc in the Department 
of Biology, Ball State IJniversijjf. Muncie. Indiana 47306. > 
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riic Nafjional Science Icaj^hcrc A^isociation GupBCSto that the 
ahool and the conununity offer tangible evidence that apiJcific 
GiJii^iutiynal goala \vere estabhijhcd. and that appropriate 
pmcedureo were* designed to meet and implement the goala. aa 
well 03 to evaluate the procedureo (NSTA 1974). llic 
educational accountability movement continues to involve (^11 
of thec3 prior plvasea. but even more specifically, the National 
Scisncu I'oundation encouracea accountability when it pro- 
vides fundo for its ccience education projects. The NSF. alone 
with others ccekinc accouptabihty. desires quantitative evi- 
dence of project effectiveness since such evidence rpay be 
subjected to statistical analysis 

One program producinc such evidence was developed by the 
Department of Biolocy at Ball State University This program 
enabled fourteen institute participants to apply a model 
designed to enhance edut;ational accountability with ihe 
students in tlieir ov/n classrooms during academic ^ar 
I97 V74 Ihe implementation of the model posed an impor- 
tant question *'{ ould a model, designed to enhance educa- 
tional atcountatMlity developed by university science educa- 
tors, be U'.ed to ehliance biology educational accountabihty in 
a pubhc middle stMool**** I he ansv/er could only be found by 
attentpting to use and assess such a model 

Implementing Instructional Improvements 

^ combined summer/inservicc institute v/as conducted in the 
summer of pr/l and throughout academic year 1973-74 by 
Ball State University Ihirty-nmu leathers participated in the 
eightAve^k summer phase ol the projeut I he stimmer program 
v/as designed to update the participants v/ith respect to recent 
advaiues in biology and in the philosophic bases for contem- 
porary biology instruction Ihe long-range goal of this project 
v/as to assi<it the participants In implement uig modern biology 
educational materials, philosophy, and instfuttional strategies 
in their mvn classrooms 

Prior to the start of the project, participants v/ere asked to 
complete an assessment of in<)titute topics as related to ^leir 
perceived instructional needs Ihese assessments v/ere iised to 
aid the staff in adapting the institute program to participant 
need<i and to assust the participants in assessing their respective 
instructional programs ^ 

During the summer phase o! the project each participant 
enrolled in an eig^it-quarter-hour course which emphasized 
recent developments in biology and modern laboratory investi- 
gations An additional f(>ur-(|uarter-houi: course was designed 
to assist the participants in using modern educational theory, 
teaching strategies, and instructional methodology in preparing 
to teach contemporary biology principles to public school 
students f mpliasis v/as placed on BSCS curricular materials, 
plulosophy and methodology Teaching strategies useful in 
teaching BSCS curricuJar materials v/ere stressed v/ith all 
j^articipants. regardless of grade 4evel taught or curriculum 
currently used. 

The inservice follov/up project involved 14 particip'ants who 
lived v/itfiin a 75 mile radius of Ball State University The 
inservice project v/as designed to assist the participating 
teachers ih applying, in their ov/n classrooms, the knov/ledge 
and skills gained during the summer of 197.3 Participants 
developfd instructional units consisting of specific pcrfor 



mancc objectives, pre-ZposttestG. and teaching stratcgieo appro- 
priate for meeting the needs of the otudcnta in their local 
school systems. 

A faculty member ^from Ball State Univercity was designated as 
the Coordinator of the School Science Visitation Program. The 
duties of the Coordinator were to work directly with the 
teachers and their local school administrators.- liach participant 
was visited twice per quarter by the (Coordinator. During thcce 
vioito the -f^oordinator attended the participant's classes and 
consulted with local school administratoro. The purpose of the 
visits was to facilitate the implementation of each participant's 
instructional objectives. In addition, once each quarter all 
participants met on the univcrcity campus with the entire 
project staff and shared instructional materials that ^each 
participant had created, used, and evaluated. 



Application of the Model to Enhance 
' Educational Accountability 

The entire model (Nisbet ct al. 1975) as it was applied by each 
participant in the inservice program is summarized as follows: 

1 Assess students* needs relative to the goals of the lodal 
schoolV; science program. 

2 Develop a curricular gjiideline based on this needs 
assessment * 

3 Develop teaching units, performance objectives, pre-/ 
post tests, and proposed instructional strategies for 
attaining'thc goals. 

4 I:stahltsh content validity for the pre /posttesta. 

S. Admtntster and score the pretest for each instructional 
unit. 

(y Analyze pretests and modify unit content and instruc- 
tional strategy based upon the pretest data * 

7 hnplvmcnt redesigned instructional strategy by provid- 
ing students with performance objectives and pretest 
results. 

H Administer and score posttests after completion of 
instruction. 

9 Compute t test based upon the mean of the pre-/ post- 
test paired measures. 

10. Evaluate student progress and the instructional strategy 
based upon test results and an analysis of /-test data. 

11. Repeat steps three through ten for each subsequent 
' unit. 

The teacher, working with the school principal and the 
Coordinator of the School Visitation Program, assessed the 
needs of his students relative to the goals of the schooPs 
science program. The goals included those mandated by state 
requirements, those developed by the local community, and 
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thocQ dictau'd by'thc pcrcnnal needj] of otudcnta. The state 
Cuala arc cotabhnhed by leadinc ccicnco educator^], a-ientifito, 
and educational psychulociiito working irt cificcrX with the 
Dtatc dcpaiti^icnt of public instruction. The local community 
Ct)aio reflect the valuco and mureo of- the populace ccrved 
Finally, the perjonal necda of«the otudento ^re eotabliiihcd by 
an analycifJ of the studcnto' background, and intellectual 
developmental level, Thece conadcrationa eolablirJi the param- 
etero uccd by the teacher, principal, and Coordinator of the 
School Science Visitation Program when devclopiog a curricu- 
br plan The teacher proceeded to outhnc and develop each 
inDtructional unit to be precentcd, using the curricular plan ao 
a guide. In the courcc of developing a uhit, th(; Ueaciicr 
constructed behavioral or performance objcctivco and JgvcI- 
oped pre-/po3ttest items designed to measure each objective 
Ttic Coordinator of the School Science Visitation Projjam 
reviewed the objectives and test qucsttppo, and established 
content and face validity for each question If the C oordinator 
concluded that <>omc quchtion'i did not inea^^ure the perfor- 
mance objective lor which they were de^iigned, r^ugge^itioni) 
were made tor improvement 

VhQ pretest was administered before a unit of instftiction 
started The pretest was designed to deter'tnine student entry 
behavior with respect to the specific objectives Data from the 
pretest enabled the teacher to decide which objectives needed 
to bo stressed in order to meet student needs. Modification of 
specific instructional strategies, as was indicated by the pretest 
results, followed and emphasis was placed on tho objectives 



needing the most attention. Students were given a copy of the^ 
unit objectives and the results of their pretest. A posttest was' 
administered following the instruction. A statistical analysis of 
the pre»/po3tte3t3 provided evidence conceraing the amount of 
student learning that had ^taken place.. 

Data 

Computer printouts of the analysis of test data for each class 
section included individual student's scores, frequency of 
epch score, cumulative frequency, percentile rank, mean, 
standard deviation, individual normalized test scores, and an 
answer distribution tally., A total test population computer 
analysis included item difficulty, item discrimination, reliabil- 
ity estimate, and standard error estimate for each lest 

Additional data were obtained by applying a ( test to tlie 
individual paired prc-Zposttest scorea. Individual pre-/po3ttest 
secures for each section were analyzed usid^ a tv/o-tailed / test 
designed to test the null hypothesis tjial the difference 
between the means of the pair-wise measures h equal to zero. 
The teacher used this information to evaluate stadent progress 
and the effectiveness of his own instructional SJrato^y 

, \ 

Interpretation of Data 

If statistically significant increases in scores were revedjed, the 
instruction used for that unit was concidercd to be effective. 
Ilie probability that the differences between the pretest and 
posttest means were due to chanc(J*1flone is less than .001 for 



Clavj Section 



22 20 
17 17 
2S^f> 



TABLE I 

Representative r-Tcct Data Obtained Through Analysis of 
Prc-/Po3ttent Scores for Five Instructional Units 



Mean t>f 
Pretest 



Mean of 
PiVitte^t 



Difference ot 

Mean*i 



t 

Swore 



A. Communities of Insects and Their Economic Importance 
37.27 1^.07 LV<^sa»; 



M) 00 
37 IS 



12 8.^ 
11 59 



H S748 
13 4112 



Degrees of 
Freedom 



14 
1 1 
26 



Probability 
P 



001 
001 
00 f 



I S 1 K 
13 20 

\'S 22 



B. Foods and Your Hcaltii 

22 72 7 54 8 <M<>0 

|7f,0 4.40 3 0093^ 

l^M^ ' 8 44 12.0432 



10 

17 



.001 

01 

001 




4.2.S 
7 08 



C. Senses and Observation Skills 

I 2 22 -S 2*> 8,8H)7 

<>08 4 83 5 0344' 

1 2 72 5 64 13.4336 



14 
1 1 

24 



001 

.001 
001 



10 80 
7 00 
10 75 



D. Eye Structure and Function 

20 66 *>86 
16^1 

19.87 9.12 



14 1758 \ 
7.8825 J 



14 

7.; 
1 1 35 26 



14 
1 1 

2^ 



001 
.001 
001 



I 2.13 
9 43 
13 15 



E. Metric System of Measurement 



13.82 
1 1.43 
14 27 



1 69 

2 00 
112 



1 7 294 
2.0493 
1.5 591 



!4 
9 

25 



10 
10 
20 



The possible points (or each unit\ pre-/posttest arc as f()llow<? Unit A - 50 points. Unit B - 30 points. Unit C - 1 5 points. Unit I) 
25 points. Un1H - 20 points 
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mo3t of the umto ( lablc 1). Thuo. we concluded; for thoce 
tmito, that otQtioticolly cignificunt Icarninc had taken place 

The instructional unit on the metric syctem produced come 
alarminc rcQulto. No eviifcncc of Gtatiotically aignificant student 
barninc procrcso was obtained ui any of the three class 
sections. An examination of individual student acoreo and the 
teacher's own subjective evaluation confirmed the statistical 
, analysis. The teachc'r and the Coordinator of the School 
Visitation Program jointly determined the possible reasons for 
the apparent ineffectiveness of the metric system unit. 
Although certain strategies and methods appeared to be 
ineffective, an analysis of the performance t>bjectives devel- 
oped for the motnc unit succcsted Uiat some of the objectives, 
particularly those dcahng with conservation Of volume, were 
beyond the intellectual capabilities of the students. Con- 
sequently, the objectives were modified ^nd a different 
strategy for teachinc the metric system was developed To 
maintain the predetcrminljd goals ^ind objecfiv^js of the middle 
school biology progr^im relative to competency in metric 
measurement, tlie nev/ objectives and test questions on the 
metric unit v/cre integrated into the instructional strategies of 
the remaining instructional units 

Personal Reactions of a Middle School Teacher 

Personal reactions to the use of the model were obtained from 
both the teacher and the students involved. Students appre- 
ciated knowtng what objectives they' were to achieve and 
ejiperienced a feeling of confidence -as'a consequence Individ- 
ual test data also ^seemed to create student interest and 
encourage student achievement. The teacher found^ students to 
be more receptive to the material being presented when they 
know exactly what was expected of them 

Quantitative data showing that a teaching strategy had been 
successful were quite rev/arding ior the teacher. More impor- 
tant was the assessment of pretest data v/hich developed the 
awareness of the need to cliange some strategies in order to 
better mee^ the needs of the students The use of the model 
auied'in the preparation of each unit and enabled the teacher 
to collect concrete evidence of student strengtlis and weak- 
nesses with respect to the goals of the middle school biology 
program We believe that use of such a model would benefit 
students, parents, teachers, and school administrators. We 
further believe that facing pubhcs* expectations of 

educational accountability is an opportunity and a profes- 
sional obhgation 
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Corps of Engineers Film 
Tells Story of Park Ranger 

A WholQ Lot Proud, a 2B>minuto color film tcllino Xho 
story of tho Army Corps of Engineers' park rangoro is 
novy available for public showing. It may bo obtained on 
loan, froo of charge, from all Corps Division and District 
offices, and tho Public Affairs Office, Office of tho Chiof 
of Engineers, Washington, DC 20314. 

Filmed at Corps recreation areas along the White Rivor 
in Arkansas and Missouri, along tho Missouri Rivor in 
South Dakota, and Stones Rivor in Tonnossco, tho 
16-mm movio explains tho need for recreation resource 
management at Corps lakes. Managing 400 lakes in 1974/ 
tho Corps played host to more than 350 million visitors 
of vyhom more than 40 million took adl/antago of 
camping facilitloo along lake shorelines oxcocding 43,000 
miles. For more information: 

Francis X. Kelly 

(202) 693^6346 



In conjunction with the !f76 Annual Meeting, the aIuS and 
Tulane University will offer special courses. 

AIBS Prc-Summcr School Courses 

1 Aquatic Invertebrate Microhabitats 

Professors Stuart A Bamforth. Tulane University and 
Waiter (j Moore, Loyola University. New 
Orleanfi 

Credits 1 hour 

Survey of the highly organi/ed com muni tie of aquatic 
invertebratep, and an* analysia of the chemical and physical 
components of the immediate cnvironmentn in which the 
communities exist Participanto will collect from habitats in 
shallow wetlands, and identify and describe the spatial 
rchtionships of the organisms to one another (Limit/2S) 

Lectures, demonstrations, and field trips, 2 full days: 29 
May and 30 May 

2 Helminths of Lower Mississippi and Gulf Coast Regions 

Professor David W Frederick sen. Tulane University, New 
Orleans. 

Credits ' I hour > 

Helminth parasites of local fauna will be considered on a 
general note. Certain of these helminths will then be 
discussed in reference to pertinent research efforts on both 
trematodes and cestoden. Live hosts will be available for 
firsthand experience in conjunction with specific laboratory 
demonstrations. (Limit 25) 

Lectures, demonstrations, and field tnps, 2 full days: 29 
May and 30 May, 
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3. The Avifauna of the Gulf Coas<al Plain and Environs 

Professor: Robert D. Purrington, Tulano University. New 
Orleans. , 

Credits* I hour 

An 'introduction to tko breeding birds of the central 
couthcrn US and in particular the Gulf eoactal plain. While 
examining the principle plant aOGOciationo and their bird 
fauna, the neminar will emph^oize the typical nesting birds 
of cyprecfctupelo and bottomland hardwood swamp wood- 
lands and eoaatal marsh. Studies will include field identifi- 
cation, vocalizations, breeding biology, ecological relation- 
ships, and the influence of man. (Limit 25) 

Lectures, demonstrations, and field trips, 2 full days: 3^ 
June and 4 June. 

4. Flora and Plant Communities of Southern Louisiana 

Profjpssors: .Joricph Hwan and Leonard Thion, .Tulano Uni- 
versity, New Orleans. 

Credits: 1 hour * , 

Survey of flora and plant communities of Southern 
Louisiana. Habitats include deciduouc-cvergreen forests, salt 
marshes, fresh-water marches, and cypress-tupelo swamps. 
(Limit 25) 

Lectures, demonstrations, and field trips, 2 fjill days: 4 
June and 5 June. ' 

5. Pollution Ecology of the New Orleans Area 

Professor Alfred K. Smalley. Tulane University. New 
Orleans. 

Credits: 1 hour 

New Orleans and the surrounding parishes are situated on 
flat terrain, with many areas completely surrounded by 
levees. Bxtonsive wetlands, impermeable soils, and heavy 
rainfall cause difficult problems of pollution control. 
Emphasis on water and solid wastes. (Limit 25) 

Lectures, demonstrations, and field trips, 2 full days: 30 
May and 31 May. 



An Audiotutorlal Success 



Richard p. Kelly 



In a very perceptive and inyjortant editorial appearing in, the 
15 January 1970 issue of Bioscience entitled "Avoiding the 
Audio-Tutorial Mistake," Elwood Ehrle successfully pricked 
the conscience of many contemplating the initiation of an 
audiotutorial program for any but sound educational reasons. 
At the State University of New York at Albany. I feel I have 
initiated a very successful audiotutorial introductory biology 
course for large numbers of nonmojors. if student success and 
Reaction are used as criteria. In early 1973, a most unique and 
Interpsring opportunity presented itself 3,000 miles away 
wliich later became an audiotutorial success. 

I was offered a visiting teaching fellowsliip at the College of 
Education at Kingston-Upon-Ilull, England. I was interested In 
exchanging mjlterials and iAw involving instructional tech* 
nojogy and particulariy audiotultorial instruction. I poon 
discovbred. however, that although Uiere was much interest in 
teehnolo^es such as use of film and television, audiotutorial 
instruction had been heard of'by only a few of the college and 
university instructors I met. 

like most teacher training institutions in the United Kingdom, 
but very unlike those in the United States, the bulk of |ho 
students at the Hull College are enri)lled in a three y^ 
certificate course. Many students do enroll in a fou^^ycar 
bachelor of education degree course and take the same courses 
as the certificate students, but higlier levels of attainment are 
required, as well as the extra year wliich emphasizes more 
courses and much private study. 

Evaluation of students, as in most all colleges both 'in the 
United Kingdom and in the United States, is most popularly 
done by written examination. For the cerrificate program, part 
I of the examinations is taken at the end of the second year 
and part II at the end of the third year. By the same method, 
part I of the D.Ed. examinaUons is given at the end of the 
tliird year and part II at the end of the fourth year. For many 
students, this time span represents a great problem and source 
of anxiety to which I will return shortly. 

Whil6 at Hull, my responsibilities were to give open lectures on 
the USA and my academic interests, and generally to be 
available to tutorial groups for discussions. The remainder of 
my time was spent with the biology "first years.*' a grand 
assortment of 22 students varying in ago from 18 to 50 and 
varying in teaching interests from infant or primary school to 
sixth form secondary school. The common denominator of 
them all was that they were in teacher preparation and would 
be receiving the common content in bicJiogy and would be 
examined at the end of the second year, some 2^ months off. 
wliiclrleft ample time for the often spoken of "forget-curve" 
to shape itself." 



Richard D. Kelly is in the Department of Biolo^cal Sciences. SUNY- 
Albany, Albany. New York 12222 



If BioScience^AyMfkhh to Your Students? 

A 

Bioscience carries froqutWt articles of interest not only 
to biolo©r students but to those in other fields as well, 
tosdtutional subscriptions for your Ubrary are available 
at S32 per year by wriring Walter Peter. Ill, AIDS. 1401 
Wflson Boulevard. Arlington. Virginia 22209. 
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One cifn argue for the disciphne involved in reviewing for 
written cxaminatoiri and the method of **all eggo in. one 
basket," or one can argiie for conlinuous aGj;cGrjment, ao la 
done iri mcwt U.S. colleges (aside from our medieval practice 
(if written comprehenaive examinations at the gradut^tc jcvel) 
Illy obcsrvations in the United Kingdom indicated that many' 
college instructors are very muuh inclined 'to use continuous 
evaluation, but are still locked into the system (Indeed, as has 
been said oo many times, making changes in acadcmia is like 
trying to move a cemetery ) E^ven that great Itnglish biologist. 
T H. Huxley, condemned the common form of examination 
^ by which the student, *'at the end of three yeara , . was set 
down to a table and questioned pell-mell upon ail the different 
matters with which he had been striving to make acquaintance 
A worse system and one more calculated to obstruct the 
acquisition of sound knowledge and to give full play to the 
*crammer* and the 'grinder* ct>uld hardly have been devised by 
human ingenuity '* Instead, he advocated a system he had used 
for many years in South Kensington, i e **to get rid of general 
examination altogether, to permit the student to be examined 
m each subject at the end of his attendance on the class** 
(Bibby 1973) Ihis wisdom was proposed in n]73 

My involvement and concern began to develop as I was team 
teaching the beginning course in biology and saw that the 
students were very much preoccupied with the taking of notes 
and drawings When they were asked why, the answer was the 
same, for review purposes for the examination to be given at 
the end of the second or third year depending upon the 
program ^ 

It occurred to me that the materials I had brought guide 
booklets, ^ides, laboratory lecture directions on cassette 
tape miglU be very appropriate to show to our students in 
class as an example of an instructional technique and as an 
illustration of a methbd for the acquisition of a definite body 
of content in a more concise and efficient way. Because of the 
.lack of equipment, i e individual tape players and duplicate 
slide and printed materials, I presented a unit on the 
mctaphytcs in a group session during whicff I ran the tape 
player and projector The preserved and slide materials were all 
available^o the students as they were called for in the taped 
pre seM at ions, riie disadvantages and the serious loss of 
individualization was very apparent, but then again I continu- 
ously emphasized that this was merely a demonstration to 
illustrate the method, structure, and techniques involved. It 
was, of course, very obvious to the students that with 
earphones, and a more intimate and solitary location, true 
individualized pacing could be achieved. 

In the group presentation of this material, I was very pleased 
at the response. The students were most interested and frankly 
liked the organization of the material based upon definite 
objectives. A result of this was the fact that I was ab'le to 
entertain a rather lengthy discussion on the cognitive and 
affective domains of Bloom*s Taxonomy (1956) and a brief 
session on formulating behavioral objectives using Mager 
(1962) as our guide. Exposure to these concepts had not, as of 
yet, been part of their formal training in teacher education. 

At the end of the formal session on the Metaphyta, many of 
the students in this group asked if I had more of these 
materials with me. I was then able to make available complete 
units on various topics I had developed. Their interest was 



great, but*within two dayo time there was an even greater 
interest The second and third year students had heard of this 
session, and I was suddenly bcseiged with requests. I was very 
pleased but suddenly realized why It was nearing examination 
time, students were preparing for those exams and recognized 
the great potential of thea* AI materiahi as a very organized 
and efficient method for the review 'of a body of content 
material ( I his is not unique as I am lonstantly amused and 
pleaded when SUNYA biology M S and Ph I) students drop in 
to review our A I materials when their comprchensives arc 
imminent ) As with our own students, my personal observa- 
tions indicated a very high anxiety state, the examination 
method in and of ijrr^lf tends to generate much of this 

A separate small room off the main teaching lab€>ratory was 
set up with the tape player, film loop projector, 2x2 slide 
projector, demonstration matenals and guide books and was 
made available from H 00 each morning to after 10 00 p m. 
lasts of the programs available were made dm} students signed 
up for them I hey were changed as they completed the uilits. I 
also made the materials available to the director of the college 
AV department so that students doing revision could use that 
area to pursue and obtain the content they needed 

I was pleased that when the students were called upon to 
evaluate the biology program they were particularly positive 
about the A I materials. In fact, they strongly requested that 
more materials hke these be made available, particularly. in this 
format I hey liked the audiotutorial method What started out 
as a demonstration of one aspect of educational technology 
turned into a rather serendipitous and happy event 

It v/as obvious that I personally was not going to change the 
method of examination (even Huxley could'n*t do that), but 
perhaps | had made at least a small amount of change in the 
way a student could prepare himself for those exa nun at ions A 
further personal rev;ard seemed also that not only had I 
avoided the audiotutorial **mistake," but had apparently made 
a rfither unique "audiotutorial success '* 
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A Report on 
Computers In Biological Teaching 

R. P. Bonaugh 

A 'jympoiiium entitled, **('ompulcri> m Biolot]kal Icjchinc" 
vva^i held on 20 August 1975 in Corvalli^), Oregon aa an integral 
part of the American Institute of Biological Sciences annual 
meeting Ihe oympouum vva^ prejjided over by Theodore 
Crovcllo of the Univercity of Notre Dame,. who otated that the 
purpou? of the meeting vvq'j to bring together people actually 
working in computer-bau»d teaching^ and learning in the 
biological ricienccii in order that they might pre':ent their 
cxpenentef and p^<)blcm^i and efipecially to !.eek comment 
from their tolleague^i 

l'.;idmplefi cjf the U',e of 1,0m put erj m teaching and learning m a 
gijncral elementary biology cour^^; were pref,cnted by Uuth 
Von Blum of the Univer^jity of ( ali forma at Berkeley and 
myself Von Blum described the ui'2 of a i;ct of prepared 
computer programs that were accet>ced by the fitudenti in the 
time-shared mode Ihcce programs were designed to illu^itratc 
and ^jupplemcnt the laboratory experiment?] and m ouch were 
con^derccj an in-tcgral part of the laboratory learning experi- 
ence 1 prey; nte^t^^am pies from a source I have developed on 
quantitative raethotl^tn the biological -^cienceo deliberately 
mmimi/ing the u<:e of formal mathematics Both Von Blum 
and 1 empha'ii/ed the value of the interactive ui:e )f^^ the 
compuleT iaxeadily permitting students to formulate and tent 
" quantitative hypothetefi in biology We further emphaGi/,ed 
that our work was designed to be accommodated by a 
mihicomputcr ^ 

(herald Myer^ of .St>uth Dakota State University and Warren I) 
Dolphin of Iowa State University ^described the urx of a 
computer in the management of a biology laboratory courf;? 
Myers has developed a set of program modules whose content 
IS easily specified by the mstructor Complete records of the 
students' progress are noted, and regularly scheduled qui/zes 
are produced by the computer with the aid of a random 
number generator and a large data bank of questions Dolphin 
described the use of a computer as a valuable management tool 
for the instructor of a biology lecture, 'problem, and labora- 
tory course having a very large student enrollment The ability 
of the computer to keep complcte'^eu>rds easily of students' 
progress permitted a tontmual measuring of the breadth and 
depth of the knowledge of each student In the event the 
student fell behind, computer-generated remedial work was 
assigned. Both Myers and Dolphin stfeked that the a>mp(iter" 
bar.ed management approach provided one means of offering 
mdmdual attention to students in a large class 

An application of computer^} in upper ^vxmon courses was 
described by Richard F* Walters of the Universit>vof C'alifornia 
at Davus. Walters and his colleagues have developed on 
elaborate physiological simulation model which' accepts stu- 
dents* generated or determined experimental input and stu- 
dents* suggested hypotheses or controls The program permits 
a quick evaluation of these hypotheses and suggested controls, 
and thus bypasses the need for elaborate and time-consuming 
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experiments A second application in the use of a a)mputq.r in 
the teaching of upper division biology courses was the program 
package for ecology described by Curl Hacker of the Univer* 
sity of I cxas. School of Public Health Included in the package 
were programs on genetics, sampling, population dynamics, 
etc. Ihe programs were written in FORTRAN for the batch or 
interactive mode 

All of the speakers stated that they^vould welcome inquirief> 
ajid would be glad to send copies of their work to interested 
persons Crovello pointed out in his opening remarks that the 
**surface has barely been scratched" )n the use of computers in 
biological teaching. He also noted that it was evident from the 
remarks and enthusiasm of the speakers, as well as the 
symposium attendees, that computers can, and will, be of very 
'great assistance in the teaching of the biological sciences. 
Several symposia <m the uses of computers in the biological 
sciencefi, bt>th )n research and teaching, arc being plan^icd for 
the next AlBS mcetmg, v;luch is to be held at lulane 
University, Nev/ Orleans, Louisiana, 30 May-4 June 1976 
Corvello v/ould welcome suggestions and volunteer partici- 
pants Interested parties are urged to write him in care of the 
Biology Department at the University of Notre Dame. South 
Bend, Indiana. 

Ihe afternoon session of the symposium waD devoted to a 
presentatum of Uie PLATO project by Paul Tenc/ar of the 
University of llhnois and the work of CONl)UIT by Irmka 
Dunnegan of Iowa City Since previous issues of SKKTIL have 
carried thorough discussions of both PLATO and CONDUIT, 
no furtjier elaboration will be described here S N Postleth- 
wait of Purdue University, in his summary talk, urged 
everyone to pursue vigorously the effective use of computers 
in the teaching of biology Ihe traditional reluctance of the 
natural scientist concerning **things technicaP* and Ihe conser- 
vation of educators about educational change arc not insur- 
mountable stumbling blocks Postlethv/ait said they should be 
taken as challenges which can be easily overcome by enthusi- 
asm and concern 

( rovello closed the session by leadmg an open discussiorf 
concerning, "Where do v;c go from here''*' Some of the topics 
considered were Is there a need lor an AlBS register of 
computer project Should there be a yearly sessKm of the 
AlBS devoted to computers m biological teaching'' Should we 
fofm a biocomputing society'' 

It was evident from this discussion that there is a great 
disparity in .the degree of soph u^^ii;;at ion in the use of 
computers in the teaching of biology Ihe PLA^O project at 
the University of ll|inois represents one extreme of ' an 
claborat^fcnd, m comparison to the computational capabilities 
available to many institutions, luxurious use of a)n^puters On 
th^ other hand, some biology departments, located in small 
liberal arts institutions not having an ^jg^neering or technicaj^ 
Qcli0<)l, nor even a computer science department, do not even 
have access' to a computer In many caces, if such biology 
departments do have access to a computer, this access is 
jmpered by the fact that the school administration has 
prQempted the greatest use of the computer Because of this 
disparity of computational resources.' the growth of the 
computer in the teaching of biology will continue to be 
uneven It is to be hoped that the present imbalances do not 
increase m amplitude, and that greater effort and resources «an 
be devoted to improving the use of computers in the teaching 
of the biological sciences 



^ »Ei('F.MB[:R 1975 
K 1 1 



12 



II 



National Science Foundatioii^: 
Announcement of Faculty 
Fellowsliips in Science 
Applied to Societal Problems 



In order to help 2- and 4-year college aiid university science 
teachers Increase their competerfce in 'areas concerned with our 

^Nation's societal problems,, and their possible solution(s), the 
l^ational Science FoundatlSiTTkfill award approximately 80 
Faculty Fellowships in Science in mid-April 1976. These 
awards wil! be offered primarily to those proposing activities 
which promise to broaden the perspectives of college science 
teachers and thereby to improve their effectiveness in teaching 
and research directed toward the understanding and ameliora- 

^ tion of societal problems. , 

Applications mu^ clearly state the specific gains to be 
anticipated if a fellowship is received, and the contributions 
which the applicant hopes to make toward the objectives of 
this program. Th>^ fellowships, thorefore, axle not designed to 
provide support for research projects as such. 

Awards of these National Science Foundation fellowships will 
be made fof study or work in-ihe mathematical, 'physical, 
medical, biological, engineering, and social sciences, and the 
history and philosophy of science. Interdisciplinary studies 
involving work in more tlian one field are encburaged, as is 
also work, in scteiice education involving primarily subject 
matter science, as contrasted with Xhe methodology of science 



teaching, AwardS will not be ftiade in clinical, education/ or 
' bij^iness fields, nor in history or focial work. 

' Teachers who are unable to ap^^jy for fellowships tijnable 
during all or-part of an academic\J(ear may wish to consider 
the provision in this program \ybich allows awardees to 
undertake their fellowship studies either in one summer, or in 
2 or 3 consecutive summer poiiq^^ ' . 

To be eligible for consideratic^, an Application must 
complete and must be subnjiited on the standard forms 
provided by the Foundation. kvfApplication submitted in ajiy 
' other form will not be accepted. ; 

Tlie duly executed Oath or Affirmation and thp Supple- 
mentary Statement required by the* National Science Founda- 
tion Act of I950,*as amended, must constitute part of the 
Application. ^ 




Application ^ materials may be obtained from ih^^aculty 
Fellowships 'in Science Program, National Science ^^ndatiorr, 
Washington, D.C. 20550. The deadline for filing Applications ^ 
for Faculty Fellowships is "February 6, 1976. Applications 
submitted by mail must be postmarked no later thaft this date. 
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